We perform theoretical and analytical study using density functional theory to investigate the structural stability, structural and electronics properties of the 1x1-CrN/GaN multilayer in the phases rock-salt, zincblende and wurtzite. Our calculations indicate that the most stable phase for the multilayer is the hexagonal wurtzite type, whit possibility of growing in the rock salt by the application external pressure, we found that the pressure transition is ~ 13,5 GPa. We found that the multilayer presents a metallic behavior produced by the hybrid orbitals d-Cr and Np that cross level Fermi.
Introduction
Transition metal nitrides such as CrN have been extensively studied theoretically and experimentally due to its mechanical, physical, and chemical properties, such as: high hardness, high melting point, high resistance to wear, corrosion and oxidation [1] [2] [3] . The chromium nitride CrN has a metallic behavior and under normal conditions of crystallization growth in the zincblende phase [1, 4, 5] , while that gallium nitride GaN is a semiconductor that normally crystallizes in wurtzite [6] [7] . On the other hand, Vijay Rawat and Timothy Sands [8] demonstrated that it is possible to grow multilayers of transition metal nitrides and GaN, because in spite of, in the difference in the rock-salt crystal structure of titanium nitride TiN and wurtzite of GaN they grew TiN/GaN multilayer using Reactive Pulsed Laser Deposition (PLD) technique. The study of multilayers based on transition metal nitrides and gallium nitride GaN is of great current importance, since the combination of the properties of the nitrides of transitional metals, such as the CrN together with the semiconductor character of the GaN open a wide spectrum of technological applications to CrN/GaN multilayers, for example: applications in devices of high temperatures, high powers, such as hard coatings and as contact/semiconductor metal. Given that can grow multilayers of transitional metals with the GaN semiconductor and the large number of possible applications of the CrN/GaN multilayer is very important to carry out studies that provide information on the stability structural, the structural and electronic properties of this multilayer. For this reason, in this work we study theoretically and analytically in the framework of the density functional theory, the structural and electronic properties of the 1x1-CrN/GaN multilayer.
Methodology
All Calculations were executed in the framework of Density Functional Theory (DFT) and the Full Potential Augmented Plane Wave (FP-LAPW) was used as implemented in computational Wien2k code [9] . The exchange and correlation effects of the electrons are dealt with using the generalized gradient approximation (GGA) of Perdew, Burke and Ernzerhof (PBE) [10] . In the LAPW method, the cell is divided into two types of regions, namely spheres centered at the atomic nuclear sites and an interstitial region between non-overlapping areas. Within the atomic spheres, wave functions are replaced by atomic functions; whereas in the interstitial region, the function is expanded in the form of plane waves. The charge density and potential expand to form spherical harmonics up to lmax = 10 inside the atomic spheres, and the wave function in the interstitial region expands in the form of plane waves with a cutoff parameter RMT Kmax = 8, where RMT is the smallest radius of the atomic level within the unit cell and Kmax is the magnitude of the largest k vector of the reciprocal lattice. To ensure convergence in the integration of the first Brillouin zone, 1600 points were used, which corresponds to 140 k-points at the irreducible part of the first Brillouin zone for the rock-salt phase, 144 k-points at the irreducible part of the first Brillouin zone for the wurtzite phase and, 126 for the zincblende phase. The integrals over the Brillouin zone are solved using the special approximation of k points provided by Monkhorst-Pack. Self-consistency is achieved by requiring that the convergence of the total energy is less than 10 -4 Ry. To achieve expansion of the potential in the interstitial region, Gmax = 12 is considered. The corresponding muffin-tin radii were 1,6 bohr for N, 1.95 bohr for Ga and 1,85 for Cr. Calculations were performed considering the spin polarization caused by the presence of chromium in the multilayer. In order to determine the most stable crystallization phase at finite pressure and temperature values as well as the possible crystal phase transition caused by pressure, the Gibbs free energy might be used and G E PV TS    . Since the calculations are in ground state (T = 0 ° K), the last term of the Gibbs energy can be neglected; and by working with the enthalpy, Gibbs free energy reduces to equation H = E + PV [11] [12] [13] . We use this equation for the two crystal structures considered in this work; however, we cannot exclude the possible existence of other stable or metastable structures for GaN/CrN multilayer. To calculate the lattice constant, the minimum volume, the bulk modulus and the cohesive energy of the three structures studied, calculations were adjusted to the Murnaghan equation of state, that mathematically it is given by equation:
Where B0 is the bulk modulus, its first derivative is B'0, V0 is equilibrium volume of the cell, and E0 represents the cohesive energy. Finally, in order to verify thermodynamic stability of the 1x1-CrN/GaN multilayer, with a concentration 50-50, we calculate the energy of formation of multilayer in the rock salt, wurtzite and zincblende structures. The energy of formation of a ternary compound is defined as the difference between the total energy of the ternary Cr1-xGaxN phase and total energy of binary compounds in their ground states zincblende-CrN and wurtzite-GaN, Namely, 
Results and Discussion

Structural properties
After carrying out the structural optimization process the calculated values for the lattice constants a0 of the multilayers, c/a, the minimum volume (V0), the bulk modulus (B0) and the cohesive energy (E0) (per formula unit) of the 1x1-CrN/GaN are listed in the Table1. It can be observed that the smallest value of minimum energy E0 occurs in the wurtzite phase; therefore, the most favorable crystallization structure for the 1x1-CrN/GaN multilayer is the hexagonal wurtzite type. The values of the bulk modules are high, confirming that this multilayer exhibits high hardness, which makes it attractive for potential applications at high temperatures and in hard coatings. The figure 1 shows the cohesive energy-volume adjusted according to the Murnaghan equation of state, for each of the three structural phases study in this paper. The values for energy and volumes are given per formula unit of 1x1-CrN/GaN multilayer. According to figure 1 the most stable phase for the multilayer is the wurtzite-type hexagonal, because it has the lowest energy value. Additionally, we observe that the wurtzite phase intersects the curve of the Rock-salt structure with the smallest equilibrium volume. This indicates that there is a structural phase transition of the multilayer from the Wurtzite phase to the Rock-salt phase. The minimum energy E0 of the 1x1-CrN/GaN multilayer in the Rock-salt phase is 0,216 eV/(formula unit); this is higher than the corresponding energy for the wurtzite phase, which prevents spontaneous changes of phase. Therefore, the phase transition in the multilayer must be induced by applying external pressure. In order to describe the phase transition, enthalpy is calculated as a function of pressure for each structure. By overlaying the resulting enthalpy lines as a function pressure, as shown in Figure 2 , we obtain a value of PT1 = 13,5 GPa for the transition pressure.
Figure. Note found that before the transition (P < PT1), the lowest enthalpy value corresponds to wurtzite phase, indicating relative stability of this phase for the pressure range in question. On the other hand, after the transition (P > PT1), the Rock-salt phase exhibits the lowest enthalpy value, confirming its stability in this region of the phase diagram. As next step, we calculate the energy of formation energy Ef of the 1x1-CrN/GaN multilayer, with a concentration 50-50, namely, x = 50% CrN molecules, x = 50% GaN molecules. For this, we calculate the cohesive energy of binary compounds CrN and GaN in their ground states, 14, 63 zincblende CrN E  eV and 8.932 wurtzita GaN E  eV. Table 2 shows the values of the energy of formation Since the value of the formation energy in each of the three structures analyzed is negative, the 1x-CrN GaN multilayer is thermodynamically stable in the three phases, the wurtzite structure being the most favorable phase because it has the most lowest value in the formation energy.
Electronic properties
The total density (TDOS) and partial density of states (PDOS) for 1x1-CrN/GaN multilayer in wurtzite and Rock-salt phases are shown in Figures 3 and 4 , respectively. We found that in wurtzite and Rock-salt phases the 1x1-CrN/GaN multilayer has a metallic behavior, determined maily by the Cr-d, Ga-d y N-p hybrid states that cross the Fermi level. Moreover, according to the theory proposed by Jhi et al. [16] , the highly directional coupling between metal d and non-metal p electrons results in a covalent bonding and such bonding gives a positive contribution to the hardness responsible for the high hardness of the 1x1-CrN/GaN multilayer.
Conclusion
In summary, we executed theoretical and analytical studies of the 1x1-CrN/GaN multilayer using the density functional theory. We found that, the most favorable phase of crystallization for the multilayer is the wurtzite-type hexagonal phase; but due to pressure, the multilayer can reach the rock-salt phase from the wurtzite structure, with transition pressure PT = 13.5 GPa. The calculated values of volume modules are quite high, which means that these materials are very rigid. This property is due to the strong covalent bonds that exist between the Cr-d states metallic and nonmetallic Ga-d and N-p. This confirms that the materials possess high hardness, which makes them attractive for potential applications in high temperature and hard coatings. Finally, from the density of states is found that the compounds exhibit metallic behavior, because of Cr-d, Ga-d and N-p hybrid orbitals traversing the Fermi level.
